High pressure homogenization (HPH) is an alternative food processing technique. As product heating is minimum, its characteristics are not affected in a large extend. At this work, the residual activity of milk native enzymes (alkaline phosphatese and lactoperoxidase) was measured in skin milk treated by HPH. Results showed that pressures up to 250 MPa promoted decrease on activity about 10-20% and pressures above 270 MPa resulted in total inactivation of the enzyme, probably indicating a process condition (pressure and temperature of homogenization) able to promote irreversible denaturation on the molecular structure of the protein. The results obtained for lactoperoxidase indicated that this enzyme is resistant to HPH as to heat treatment. At pressures between 100 and 250 MPa it was observed an increase on enzymatic activity (around 20%) and just at 300 MPa a reduction of around 30%, was detected. The increase of lactoperoxidase activity may be attributed to active sites exposure due to changes on tridimensional structure of the enzyme. The results indicate that residual activity of both enzymes can be used as indicative of pressure level applied in the milk during HPH process, considering the need of pressures above to 250 MPa to reaches enough microbial inactivation.
Introduction
Milk plays a significant role for human nutrition and stands for one of the most frequently sold types of food worldwide. The nutritional composition, high water activity and neutral pH turn milk into an adequate media for microbial development which can lead growth of many microorganisms [1] , requiring the application of some preservative method to guarantee an adequate shelf life.
High pressure homogenization (HPH) is based upon common milk homogenization processes, though it uses 10-15 times higher pressures [2] . It is a non thermal process developed to fluids and has the appeal of preserves heat-labile nutrients [3] and was previously studied mainly to stabilization of juices [4] and milk [5, 6] . The microbial inactivation of native biota of milk [7] [8] [9] [10] and also of some microorganisms intentionally added to milk [6, [11] [12] [13] suggested that HPH in milk promotes effect similar to thermal pasteurization, which is usually conduced at 72.5ºC/15 s.
The effect of HPH on alkaline phophatase and peroxidase was previously evaluated by some authors [14, 15] . The results indicated that the inactivation of alkaline phosphatase occurs only due to the thermal effect (heat due friction) that happens at high pressure homogenization [15] . The inactivation of lactoperoxidase, on the other hand, is partially associated to homogenization effects, mainly to the cavitation process [15] . Recent publication about the effect of HPH on enzymes activity indicated that the process can activate the enzymes at low pressure, due to few changes on the active sites that increases its activity [16, 17] . The present work had the objective to evaluate the residual activity of milk native enzymes (alkaline phosphatese and lactoperoxidase) after treatment by HPH.
Materials and Methods
Raw skin milk was obtained with a local cooperative. The assays were performed in a high pressure homogenizer Stansted, model FPG 7400H:350 (STANSTED Fluid Power LTD®, EssexUK) at pressures from 100 to 300 MPa, with a flow rate of approximately 270 mL/min. T-type thermocouples (needle) were set at the outlet of intensifiers, outlet of the main homogenizer valve, and at the product cooler. The temperatures were registered (at intervals of 10 s) by a data logger (model 692-8010 Barnant Co.® Barrington, U.S.A.). A heat exchanger of shell and tube (SPIREC R®) for cooling was connected to the homogenizer to reduce the temperature of the fluid exiting the homogenizer valve.
For the tests, raw skin milk was subjected to homogenization at pressures of 100, 150, 200, 250 and 300 MPa. The Tests were performed in triplicate. The activity of alkaline phosphatase was determined colorimetrically based on the phenol liberation due to enzymatic activity [18] . The activity of lactoperoxidase was determined spectrophotometrically based on the hydrogen peroxide hydrolysis caused by the enzyme, with oxygen liberation and reaction with guaiacol [19] . Enzymatic activities were measured before and after each pressure treatment and the tests were performed in duplicate.
Results and Discussion
The enzymes inactivation can be associated to homogenization effects or to the heating that occurred on milk due to the high level of shear that occurs during the decompression. Considering the thermal effect, it was necessary to evaluate the temperatures reached during each pressure treatment. These temperatures are shown in table 1. Considering that the time required to reduce the reached temperature at the homogenizer outlet valve to 40ºC was five seconds or less, it is possible to estimate the maximum heat at each pressure. Data about heat resistance of alkaline phosphatase indicates that this enzyme could be inactivated at 72.5ºC/15 s and presented a z-value of 4.8ºC [20] . The lactoperoxidase is more heat resistant and requires 1.5 min at 72ºC to be inactivated, but can be inactivated after just one second at 80ºC [8] .
Therefore, for alkaline phosphatase, process above 270 MPa could be associated a thermal effect on enzyme inactivation while to lactoperoxidase, just the treatment at pressure about 300 MPa could presented this effect.
The residual activity of alkaline phosphatase and lactoperoxidase are shown at Figure 1 . The results obtained to alkaline phosphatase indicates a residual activity of around 85% for pressures between 100 and 250 MPa and a rapid reduction of the residual activity at pressures above 250 MPa, with total inactivation at 270 MPa. It could be probably associated to the heat generated due to the intense shear during decompression, since at the reached temperature at this conditions (74ºC), only 5.4 s are necessary to promote the complete enzyme inactivation by heat. Therefore, as previously observed by other authors, it is probable that the alkaline phosphatase inactivation at HPH occurs only due to the associate thermal effect at higher levels of applied pressure [15] , being the enzyme resistant to the homogenization process. Considering that the majority of HPH process to milk pasteurization suggests application of pressure above 250 MPa in order to get adequate microbial inactivation [10, 13] , the activity of alkaline phosphatase can be used as an indicative of inadequate pasteurization.
The results of lactoperoxidase indicated that only treatment at 300 MPa was able to partially reduce the enzymatic activity, making possible the use of this enzyme as an indicator of excessive treatment. It is not possible to determine if the partial inactivation observed at 300 MPa is consequence of the homogenization or the heating associated to the process, however, previous work had observed that the inactivation of lactoperoxidase by HPH is higher than the obtained with the compatible heat treatment, suggesting an additive effect of the homogenization and the generated heat [15] . Interesting results were obtained for lactoperoxidase at pressures of 100 and 250 MPa, with enhance of the enzymatic activity. Recent results have been indicating that relative low pressures can be activate enzymes due to changes on the spatial configuration with the enhancement of active sites exposure [16, 17] . These changes are mainly related to sulphydril groups exposure and changes in the protein secondary structure [16, 17] . 
Conclusion
It was concluded that alkaline phosphatase presented high sensitivity to homogenization process than lactoperoxidase, however, it is probably that this sensitivity be associated to the heat that is generated during the process, since the enzyme is thermo-labile. Also, for the lactoperoxidase it was concluded that just 300 MPa were able to promote some reduction on the enzymatic activity, which can be attributed to the sum of the effects of pressure and the temperature reached during the treatment. Considering the results it was concluded that alkaline phosphatase and lactoperoxidase activities can be used as an indicative of pressure level reached during HPH, independent of the inactivation of both enzymes related to the pressure of homogenization or to the associated temperature reached in the process due to the intense shear.
